Introduction
Gingival recession has been defined as the apical displacement of the gingival margin in relation to the cemento-enamel junction (1) . Histologically, the collapse of gingival tissue results in attachment loss by destruction of the periodontal connective tissue and alveolar bone. The exposed root surface has been a therapeutic challenge to clinicians for many years. The most frequent etiologic factors associated with recessions are inflammatory periodontal disease, traumatic tooth brushing and inadequate attached gingival dimensions (2) (3) (4) . Surgical coverage is therefore an aim of mucogingival therapy to improve patients' aesthetics, quality of life and oral health.
Many different surgical procedures have been used to achieve root coverage. Sub-epithelial connective tissue grafting (SCTG) presents a high degree of predictability when used to treat Miller's class I and II gingival recession (5) . However, in class III and IV recession defects, the success rate is unpredictable (5, 6) .
In the last three decades, a number of techniques have been proposed to obtain root coverage: pedicle flaps (PF) (7, 8) , free soft tissue autografts (FSTA) (9, 10) , André A. Pelegrine 1) , Ana A. Nogueira 2) and Mônica M. Borghi Original (11) , coronally advanced flaps (CAF) (7, (12) (13) (14) , SCTG plus CAF (15) (16) (17) and guided tissue regeneration (GTR) (18) (19) (20) .
More recently, periodontal regeneration was achieved by using enamel matrix derivative (EMD) (21, 22) . EMD is an amelogenin derivative obtained from porcine embryogenesis and is capable of inducing regenerative processes in periodontal tissues, due to their fundamental role in cementum development, in a similar way to the normal development of these tissues (23) . This regenerative concept has also been demonstrated in root coverage procedures (24) . EMD associated with CAF was shown to increase the percentage of root coverage (25) .
The aim of this study was to assess the ability of EMD to improve root coverage in Miller's class III gingival recession defects with SCTG (test group), compared to the SCTG alone (control group) for a 6 and 12 months followup. The hypothesis being tested in this study was that EMD enhanced the clinical parameters when used with the SCTG.
Materials and Methods

Study population and design
This study employed a split-mouth design, in which 12 systemically healthy non-smoking patients (3 males and 9 females), ranging in age from 35 to 52 years (mean 42.7 ± 5.8), contributed at least two similar contralateral class III gingival recession defects (≥2 mm) in upper canines and/or upper premolars (Table 1) , with no contraindications for periodontal surgery. Some patients had bilateral single type recession defects and others bilateral similar multiple type recession defects. Periapical radiographs were taken to evaluate the interproximal alveolar bone level to assist in gingival recession classification of teeth exhibiting recession defects. All patients received initial therapy consisting of oral hygiene instructions, scaling and root planning. Six weeks later, a reevaluation was performed and all the patients recorded an O'Leary index ≤10% (26 
Measurements
The following biometric clinical parameters were evaluated in millimeters mid-facially: recession level (RL), probing depth (PD), clinical attachment level (CAL) and width of the keratinized tissue (KT) using a Marquis periodontal probe (Hu-Friedy Manufacturing Company, Chicago, IL, USA). All the clinical measurements were done by the same calibrated blinded investigator (A.P.) and were rounded down to the nearest millimeter at baseline (immediately before surgery) 6 and 12 months after the surgical intervention, in both treatment groups. Patients were blinded to the test and control sites. Results are presented at the subject level.
Surgical procedure
Preoperative intra-oral antisepsis was accomplished using 0.12% chlorhexidine digluconate solution (Colgate Periogard, São Paulo, SP, Brazil) rinsed for 1 min. Before the surgery, the root surface was gently scaled and planed with Gracey curettes (Hu-Friedy Manufacturing Company), which contributed to reduce buccal prominence. Then, the root surfaces were conditioned with EDTA gel (pH 6.7) (Straumann PrefGel, Straumann, Basel, Switzerland) for 2 min to remove the smear layer. The exposed root surface was rinsed abundantly with sterile saline solution to remove all EDTA residues. After local anesthesia with lidocaine HCl (2%) containing 1:100,000 epinephrine was achieved, the surgery was conducted according to the technique described by Allen and Miller (7) (single recession-type defects) and Zucchelli and de Sanctis (27) (multiple recession-type defects). Two oblique, divergent beveled incisions were performed at the mesial and distal line angles of the tooth (single recession-type defects) or peripheral teeth (multiple recession-type defects) with Table 1 Demographic and clinical characteristics of patients gingival recessions and were directed apically in the alveolar mucosa. After intrasulcular incisions, crossed submarginal interproximal incisions created the interdental surgical papillae which were deepithelized. A split-fullsplit approach was used to elevate the flap. A passive flap coronal mobilization was achieved at the level of the cemento-enamel junction by a sharp dissection accomplished apically.
Test sites procedure
The periosteal subepithelial connective tissue graft was obtained from the palatal area using the single-incision palatal harvest technique reported by Lorenzana and Allen (28) . Then, EMD gel (Straumann Emdogain, Straumann) was applied to the root surface and the SCTG was placed over the gel to the height of the cemento-enamel junction, trimmed to extend 2.0 to 3.0 mm beyond the bone crest (both laterally and apically) and fixed with a sling suture using a resorbable suture of polyglactin 910 (Polyglactin 910 Vicryl, Ethicon, Johnson & Johnson Prod. Prof. Ltd) around the crown of the tooth. The flap was coronally positioned 2 mm above the cemento-enamel junction to fully cover the graft by suturing it to the de-epithelialized papilla regions (Fig. 1) .
Control sites procedures
The control sites were treated similarly as described previously (including the EDTA gel application) except that EMD gel was not used (Fig. 2) .
Post-surgical care
For all subjects, acetaminophen 750 mg (Tylenol, Cilag Farmacêutica Ltd, São Paulo, SP, Brazil) was prescribed four times a day for the first day. The patients were instructed to rinse twice daily with 0.12% chlorhexidine digluconate solution for 4 weeks. The sutures were removed 14 days after surgery. Subjects were advised to discontinue mechanical oral hygiene measures for 4 weeks following surgery to minimize trauma to the surgical sites. Subjects were recalled weekly until they had completed the 6-week period. After the 6-week period, the subjects were monitored once every 2 months until the end of the study at 12 months. During this period, all subjects received professional supra-gingival plaque control and oral hygiene instruction.
Statistical analysis
Twelve subjects were enrolled in a clinical trial comparing treatment of gingival recession defects with SCTG (control group) or with a combination of SCTG and EMD (test group). A split-mouth design was used for this study, with one side randomized to test and the opposite side to control. The clinical variable changes were compared at baseline, 6 and 12 months after surgery. Descriptive statistics were expressed as mean ± standard deviation (S.D.). A t-test analysis was performed with the subject as the analysis unit. P values <0.05 were regarded as statistically significant.
Results
Twelve patients, 3 males and 9 females, aged 35 to 52 years (mean 42.7 ± 5.8), contributed at least two similar class III contralateral gingival recession defects in upper canines and/or upper premolars. In the test group, the recession defects were treated with SCTG+EMD and in the control just SCTG was used, in a split-mouth design. The treated sites consisted of 10 upper canines and 20 upper premolars. Gingival bleeding index and plaque index were kept below 20% throughout the observation period.
At the baseline, no statistically significant differences were found between the two groups in any of the parameters evaluated. Both groups showed a statistically significant result in RL, PD, KT and CAL 6 and 12 months postoperatively, compared to the baseline (intragroup comparison). The test group showed statistically better results than the control group for RL (2.21 ± 0.78 mm and 1.64 ± 1.07 mm, respectively) and CAL changes (2.56 ± 1.37 mm and 1.54 ± 1.16 mm, respectively) at 6 months and for RL (2.54 ± 0.94 mm and 1.72 ± 1.05 mm, respectively), PD (0.46 ± 1.03 mm and 0.49 ± 1.15 mm, respectively) and CAL (3.00 ± 1.21 mm and 1.23 ± 0.99 mm, respectively) at 12 months (intergroup comparison). The mean root coverage in percentage at 12 months postoperatively was 70% in the test group and 54.8% in the control group. There was no statistically significant difference in KT changes between the groups for both evaluation periods and for PD changes in the 6-month postoperative evaluation. Table 2 presents descriptive statistics for the clinical parameters at baseline, after 6 months and after 12 months, for both groups.
Discussion
The primary goal of root coverage techniques is to reestablish aesthetics as well as function by successful coverage of exposed root surfaces and, if possible, regeneration of periodontal supporting tissue. EMD contains a bone sialoprotein-like molecule that binds to the human periodontal ligament cell (29) , inducing endogenous production of growth factors that promotes periodontal regeneration (30, 31) . EMD has been suggested to be effective in improving the clinical attachment level in gingival recession defects (32) . Miller's class I and II recession defects have a predictable outcome after coverage (33) . However, in class III recessions, the success rate is not the same (5,6). The primary aim of the present study was to obtain more predictable results in this recession type. A case report, which examined the use of EMD in combination with SCTG in Miller's class III recession defects, suggested good clinical effectiveness in providing root coverage (34) . However, Aroca et al. (35) in a 12-month randomized clinical trial, showed that the association of EMD and SCTG in Miller's class III multiple gingival recession defects does not enhance the mean clinical outcomes.
In this 6-to 12-month randomized, split-mouth clinical study comparing coverage of class III gingival recession defects treated by SCTG (control group) or SCTG+EMD (test group), statistically significant differences were found between the two treatments. The test group showed statistically better results in RL and CAL after 6 months (36) showed better root coverage with EMD associated to CAF after 24 months when compared to 12 months, suggesting that a creeping attachment had occurred. The better outcome of the regeneration process within time after the usage of EMD has been demonstrated by other studies (33, 36, 37) . The statistically better results obtained in the test group (EMD+SCTG) of our study were not confirmed by the results of the test group (EMD+SCTG) of Aroca et al. (35) . There were methodological differences between the studies, especially in the demographic data and surgical technique. The surgical technique employed by Aroca et al. (35) did not have vertical releasing incisions like in this study and involved papilla reconstruction, which was not performed in our study. According to Zucchelli et al. (38) , the lack of vertical releasing incisions reflects in better clinical outcomes, which could explain the higher level of root coverage obtained in the Aroca (35) study, where a modified tunnel/SCTG technique was used. The tunnel/SCTG technique allows papilla reconstruction, which can optimize root coverage results. Furthermore, Aroca et al. (35) harvested a dense connective tissue from the tuberosity using a distal wedge technique, while our study was performed with a palatal graft using the single-incision palatal harvest technique reported by Lorenzana and Allen (28) . All these relevant aspects could explain the difference in the mean root coverage obtained between the studies: 70% in the test group and 54.8% in the control group of our study versus 82% in the test group and 83% in the control group of their study.
Previous preliminary studies have shown that EMD has the potential of inducing periodontal regeneration (21) (22) (23) (24) 39) . On the other hand, the gold standard root coverage technique (SCTG), despite having good clinical acceptance due to its favorable clinical outcome, does not predictably promote periodontal tissue regeneration (40) . Modica et al. (37) showed a higher success rate for root coverage with the coronally positioned flap (CPF) plus EMD, but without statistically significant results when compared to the CPF used alone. The absence of statistical significance in the abovementioned study (37) , in opposition with our study, might be correlated to the difference in defect type enrolled In addition, the use of SCTG may improve the outcome of the coverage therapy, particularly when combined with EMD as in the present study. The periosteal connective tissue might include osteogenic substances in the periosteum that could be stimulated by the EMD, which is believed to enhance the proliferation, differentiation, and migration of osteoblasts and periodontal ligament cells (39, 41, 42) . Therefore, the association of the SCTG and EMD in very complicated gingival recession defects, i.e., Miller's class III gingival recession, seems to promote an additional benefit probably by combining clinical root coverage and periodontal tissue regeneration. There were no statistically significant differences between the two groups in KT, both after 6 and after 12 months. Despite the fact that Modica et al. (37) and Cueva et al. (33) have shown KT gain when using EMD associated to the coronally advanced flap (CAF) in root coverage therapies, the present study failed to demonstrate additional KT gain when the EMD was used in combination with SCTG. This probably occurred because the SCTG may have been responsible for the majority of the KT gain, but further studies are necessary to provide the answer. On the contrary, Aroca et al. (35) observed that there was no significant KT increase after the SCTG and after SCTG+EMD technique.
On intragroup comparison, it was shown that all clinical parameters improved after both therapies. Therefore, despite the additional clinical benefit of using EMD combined with the SCTG in Miller's class III gingival recession defects, the use of SCTG alone may be continued.
The thin gingival phenotype could be a factor in increasing the risk of gingival recession (43, 35) . The SCTG increases marginal tissue thickness (38) which may prevent further recession in patients with a thin periodontal phenotype, especially in regenerated periodontal tissues by the use of EMD. Since the therapies in Miller's class III gingival recessions are considered unpredictable, researchers should direct their efforts to develop more predictable techniques for successful root coverage in these critical defects.
The results of this study indicate that the use of EMD is beneficial in augmenting the effects of the SCTG in terms of amount of root coverage, gain in clinical attachment and reducing the probing depth in Miller's class III gingival recession defects.
